The preliminary results of a search for time-integrated CP violation in D 
, is measured to be ∆A CP = −0.82 ± 0.21(stat.) ± 0.11(syst.) %. This differs from the hypothesis of CP conservation by 3.5σ.
Introduction
The time-integrated CP asymmetry, A CP ( f ), for the final states f = K − K + and f = π − π + has two contributions: an indirect component (to a good approximation universal for CP eigenstates in the Standard Model) and a direct component (in general final state dependent). In the limit of Uspin symmetry, the direct component is equal and opposite in sign for K − K + and π − π + [1] . In the Standard Model, CP violation is expected to be small [2, 3, 1] . However, in the presence of physics beyond the Standard Model the rate of CP violation could be enhanced [1, 4] . No prior evidence of CP violation in the charm sector has been found.
The most precise measurements to date of the timeintegrated CP asymmetries in D 0 → K − K + and D 0 → π − π + were made by the CDF, BABAR, and BELLE collaborations [5, 6, 7] . LHCb has previously reported preliminary results based on 37 pb −1 of data collected in 2010 [8] . In the limit that the efficiency for selected events is independent of the decay time, the difference between the two time-integrated asymmetries,
, is equal to the difference in the direct CP asymmetry. However, if the dependence of the efficiency on the decay time is different for the K − K + and π − π + final states, a contribution from indirect CP violation remains. The Heavy Flavor Averaging Group (HFAG) has combined time-integrated and time-dependent measurements of CP asymmetries taking account of the different decay time acceptance to obtain world-average values for the indirect CP asymmetry of a ind CP = (−0.03 ± 0.23)% and the difference in direct CP asymmetry between the final states of ∆a dir CP = (−0.42 ± 0.27)% [9] .
In these proceedings, LHCb results [10, 11] for the measurement of the difference in integrated CP asymmetries between 
Formalism
The raw asymmetry for tagged D 0 decays to a final state f is given by A raw ( f ), defined as:
where N(X) refers to the number of reconstructed events of decay X after background subtraction.
The raw asymmetries may be written as a sum of various components, coming from both physics and detector effects:
Here, A CP ( f ) is the intrinsic physics CP asymmetry, A D ( f ) is the asymmetry for selecting the D 0 decay into the final state f , A D (π s ) is the asymmetry for selecting the 'slow pion' from the D * + decay chain, and A P (D * + ) is the production asymmetry for prompt D * + mesons. The asymmetries A CP , A D and A P are defined in the same fashion as A raw .
For a two-body decay of a spin-0 particle to a selfconjugate final state there can be no
leaving a quantity, defined as ∆A CP , equal to the difference in physics asymmetries:
To minimize second order effects, related to the slightly different kinematic properties of the two decay modes, the analysis is done in bins of the relevant kinematic variables, as shown later in Secs. 4 and 5. The physics asymmetry of each final state may be written at first order as [12] :
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where a dir CP ( f ) is the asymmetry coming from direct CP violation for the decay, t is the average decay time in the sample used, τ the true D 0 lifetime, and a ind CP is the asymmetry associated with CP violation in the mixing. To a good approximation this latter quantity is universal [1] , and so
where ∆ t is the difference in average decay time of the D 0 mesons in the K − K + and π − π + samples. In the limit that ∆ t vanishes, ∆A CP probes the difference in direct CP violation between the two decays.
Dataset and selection
A description of the LHCb detector may be found in Ref. [13] . The field direction in the LHCb dipole is such that charged particles are deflected in the horizontal plane. The current direction in the dipole was changed several times during data taking; about 60% of the data was taken with one polarity and 40% with the other.
Selections are applied to provide samples of 
, the mass and mass difference spectra of selected candidates are shown in Figs. 1 and 2 
Fit procedure
Fits are performed on the samples in order to determine
The analysis is performed in 54 kinematic bins, divided by p T and pseudorapidity (η) of the D * + candidates, momentum of the tagging soft pion, and whether the initial trajectory of the slow pion is towards the left or right half of the detector. A binning is imposed for the reason that the production and detection asymmetries can in general vary with p T and η, and so can the detection efficiency of the two different D 0 decays, in particular through the effects of the particle identification requirements.
The events are further partitioned in two ways. First, the data are divided between the two dipole magnet settings. Second, the first 350 pb −1 of data are processed separately from the remainder, with the division aligned with a break in data taking due to a LHC technical stop. In total, therefore, 216 independent measurements are considered for each decay mode.
One-dimensional fits to the mass difference spectra are performed. The fits include separate components for the signal and background lineshapes. The signal is described as the sum of two Gaussian functions with a common mean, convolved with an asymmetric function. The background is described by an empirical function of the form fit. An example fit from one measurement bin is shown in Fig. 3 . The one-dimensional fits used for the tagged data do not distinguish between correctly reconstructed signal and backgrounds that peak in the mass difference. Such backgrounds can arise from D * + decays in which the correct slow pion is found but the D 0 is partially mis-reconstructed. However, these backgrounds are suppressed by the use of tight particle identification requirements and a narrow D 0 mass window. From studies of the D 0 mass sidebands this contamination is found to be approximately 1% of the signal yield.
Results and systematic uncertainties
A value of ∆A CP is determined in each measurement bin using the results for A raw (K − K + ) and A raw (π − π + ). The χ 2 /nd f of these measurements has a value of 211/215. A weighted average is performed to yield the result ∆A CP = (−0.82 ± 0.21)%.
Numerous robustness checks are made, including monitoring the value of ∆A CP as a function of time (Fig. 4) , reperforming the measurement with more restrictive RICH particle identification requirements, and using a different D * + selection. Potential biases due to the inclusive hardware trigger selection are investigated with the subsample of data in which one of the signal final-state tracks is directly responsible for the hardware trigger decision. In all cases good stability is observed. Systematic uncertainties are assigned by loosening the fiducial requirement on the soft pion; by assessing the effect of potential effect peaking background in toy Monte Carlo studies; by repeating the analysis with the asymmetry extracted through sideband subtraction instead of a fit; with all candidates but one (chosen at random) removed in events with multiple candidates; and comparing with the result obtained with no kinematic binning. In each case the full value of the change in result is taken as the systematic uncertainty. These uncertainties are listed in Table 1 . The sum in quadrature is 0.11%. ∆A CP = −0.82 ± 0.21(stat.) ± 0.11(syst.) % with 0.6 fb −1 of 2011 data, where the first uncertainty is statistical and the second systematic. Combining the statistical and systematic uncertainties in quadrature, the significance of the measured deviation from zero is 3.5σ. The result is consistent with the current HFAG world average [9] .
Conclusions
Subsequent to this result being presented, several papers on the theoretical interpretation have been written, examining the possible size and uncertainty in the SM contribution and considering possible new physics contributions. A partial list may be found in Ref. [14, 15, 16, 17, 18, 19, 20, 21, 22] . We thank our theory colleagues for their help in understanding this result.
